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HISTOCHEMICAL STUDIES OF THE SKIN
III. THE ACTIVITY OF THE CHOLINESTERASES DURING THE EMBRYONIC
DEVELOPMENT OF THE SKIN IN THE RAT*
KEN HASHIMOTO, M.D., KAZUO OGAWA, M.D., Pu.D. AND WALTER F. LEVER, M.D.
As an extension of our histochemical studies
of the skin (1, 2), the distribution and activity
of cholinesterases were studied in the skin of
the rat. The development of cholinesterase
activity was followed during the histogenesis
of the skin, with special reference to the nerve
elements.
Several authors have investigated the dis-
tribution of cholinesterases in the skin of the
adult rat (3, 4), in the skin of other adult mam-
mals (5, 9) and in adult human skin (10—12).
However, so far only one report (12) has dealt
with cholinesterase activity in embryonic skin,
namely in the skin of the human finger (12).
The development of cholinesterase activity in
the spinal cord of the chick embryo was investi-
gated by Bonichon et al. (13). Gerebtzoff et al.
(14) followed the postnatal changes in the ap-
pearance of the motor end-plates in the muscles
of the rat by means of cholinesterase activity.
MATERIALS AND METHOD
Animal Material. Twelve rat embryos (3 each
on the 12th, 14th, 18th and 19th days of gestation),
5 new-born rats (born between the 20th and 22nd
day of gestation), 3 five-day-old rats, 3 ten-day-
old rats, 3 fifteen-day-old rats and 10 adult rats
weighing approximately 100g. were used. All rats
were of the Wistar strain. New-born and older
rats were killed by a blow on the neck without
anesthesia. Skin then was taken from the back,
upper lip and sole, and the hair was shaven off. In
the case of embryos, skin was taken from the same
areas while the embryos were still alive. All skin
was cut with the microtome as frozen sections
approximately 20 p. in thickness and was imme-
diately incubated in substrate as well as in control
media. A portion of skin was fixed in formol-
calcium for silver and Weigert stains.
Histochemical Methods for the Demonstration of
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Cholinesterases (ChE). For the demonstration of
cholinesterase the standard method of Koelle and
Friedenwald (15) as modified by Gomori (16) was
used with acetylthiocholine iodide as substrate.
Sections were incubated for varying periods of
time, usually for 1 to 2 hours and occasionally
overnight. For the demonstration of pseudo-
cholinesterase butyrylthiocholine iodide was used
in place of acetylthiocholine iodide.
Control and Inhibition Studies. For control
purposes substrate-free media as well as media
containing only one of each of the ingredients of
the substrate medium were used. For inhibition
studies sections were pre-incubated in diisopropyl
fluorophosphate (DFP) in final concentrations of
10, 10, 10 and 10—i M, respectively at 37° C
for three hours and were then incubated in the
substrate medium. In order to obtain the various
dilutions of DFP, the original solution of 5 X
10—i M of DFP in propylene glycol was serially
diluted with 28% sodium sulfate. Sodium sulfate
was chosen as diluent in order to prevent the
simultaneous diffusion of acetyl-ChE and pseudo-
ChE (17). The inhibitory effect of physostigmine
(eserine) on non-specific esterases was tested by
adding physostigmine to the incubation medium
in final concentrations of 10, and 10 M,
respectively.
Other Stains. The following additional stains
were used: Bielschowsky's method of silver
impregnation as modified by Suzuki (18),
Weigert's myelin sheath stain (19), Gomori's
Tween method for the demonstration of lipase,
with Tween 80 as substrate (16), and Gomori's
stain for alkaline phosphatase (16).
RESULTS
A. Ten-Day-Old and Adult Rat
Epidermis. In sections incubated for only a
few hours a very faint yellowish-brown stain
for ChE was noted in the basal cell layer. How-
ever, sections that were incubated overnight or
longer showed fairly pronounced diffuse staining
of the basal cell layer as well as of the squamous
cell layers (Fig. 1). In particular, the outline of
individual cells stood out clearly. No free nerve
endings were detected in the epidermis with the
ChE stain; while with the silver stain free nerve
endings were occasionally visualized within the
epidermis surrounding the intraepidermal por-
tion of tactile hairs.
FIG. 1. Adult rat, skin from the back. ChE stain. There is intercellular deposition ofcopper sulfide
as the final reaction product in the basal and squamous cell layers of the epidermis. The arrector muscles
show enzymatic reaction even near their origin. Also, the sebaceous glands show a diffuse, intense
reaction. (X 150)
FIG. 2. 10-day-old rat, skin from the back. ChE stain. Perifollicular and subepidermal nerve plexuses
are shown. The perifollicular nerve plexuses are located at the level of the sebaceous glands in close
relation to the capillaries. In the course of these non-myelinated fibers one encounters rounded empty
spaces which represent the endothelial cells of capillaries (arrow). Thus, each nerve plexus resembles in
its appearance a chain of small rings. The subepidermal nerve plexuses which also accompany capillaries
have the same appearance. (X 150)
FIG. 3. 10-day-old rat, skin from the back. Alkaline phosphatase stain, pH 9.2. Perifollicular and
subepidermal capillary loops are shown, the distribution of which strikingly resembles the distribution
of the nerve plexuses shown in Fig. 2. (X 150)
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Hair Follicles. No ChE activity was observed
in the cells of the inner and outer root sheaths
or in the cells of the hair bulb. Nor were any
nerve elements visualized with the ChE stain
(Fig. 1). On the other hand, the silver stain dem-
onstrated numerous branching non-myelinated
nerve fibers in the inner and outer root sheaths.
Some of these nerve fibers ended in tactile
cells which lay interspersed among the cells of
the outer root sheath.
Dermal Nerve Plexuses. Fine non-myelinated
nerve networks surrounding the arterioles and
capillaries could be demonstrated throughout
the dermis with both the silver stain and the
ChE stain (Fig. 2). Most pronounced staining
Fio. 4. Adult rat, tactile hair. ChE stain. Ring-
shaped sensory receptors connected with non-
myelinated fibers are distributed over the surface
of the outer root sheath in the superior enlarge-
ment of a tactile hair. C: conical body, a thickened
portion of the capsule around the neck of the
follicle. Cap: capsule, a fibrous structure corre-
sponding to the connective tissue sheath of the
coat hair. H: hair shaft. SE: superior enlargement,
a swollen portion of the outer root sheath located
near the apex of the ring sinus. (X 600)
was observed in the nerves surrounding the
perifollicular capillaries and in the nerve fibers
forming plexuses independently of capillaries
around the hair follicles and sebaceous glands
(Fig. 2). Also the nerve networks surrounding
the capillaries immediately beneath the epider-
mis were clearly demonstrated with both stains
(Fig. 2). The capillaries that were visualized
in the ChE stain through their network of
nerves were visible on staining for alkaline phos-
phatase through the positive staining of their
walls and endothelial cells (Fig. 3). In sections
stained with the ChE stain the reactive nerve
networks following the course of capillaries con-
tained punched-out empty spaces. These spaces
represented the endothelial cells of capillaries,
as could be proven by counterstaining with
neutral red or methylene blue. The presence of
empty spaces gave the capillaries an appearance
resembling that of a chain of rings (Fig. 2).
The nerves accompanying the large vessels in
the deep dermis, which were mostly myelinated,
stained only irregularly and weakly with the
ChE stain. There also were some ChE-reactive
fibers showing no association with blood vessels;
but they were less numerous than previous
authors (6, 12) had indicated.
Tactile Hair. The anatomy of a tactile hair
differs greatly from that of a coat hair (20, 21).
ChE activity was apparent along the surface of
the outer root sheath of tactile hairs, particularly
in the vicinity of the superior enlargement which
is located in the ring sinus (Fig. 4). The reactive
areas corresponded to the sensory nerve endings
attached to the tactile cells which lie inter-
spersed among the epithelial cells of the outer
root sheath. With the ChE stain the sensory
nerve endings appeared as minute ring-shaped
structures to which fine afferent fibers were
attached (Figs. 4,5). The silver stain, on the other
hand, revealed the sensory nerve endings not as
ring-shaped structures but as numerous branch-
ing fibers, representing terminal branches of
neurofibrils enveloping the tactile cells (Fig. 6).
These terminal neurofibrils had been described
by Vincent (20) as "leaf-like expansions" of
sensory nerve fibers. Although ChE-reactive
nerve fibers were most densely distributed
around the superior enlargement of the tactile
hair, they extended over the entire follicle from
its bulb to its uppermost portion, where they
intercommunicated with some reactive fibers
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FIG. 5. Adult rat, high magnification of the ring-shaped sensory receptors of a tactile hair. ChE stain.
The ring-shaped sensory recepLors lie in heavy concentration in the superior enlargement of a tactile
hair. The rings are connected to thin, non-myelinated fibers and also are connected with one another
through them. (X 1600)
derived from the subepiderma]. nerve plexuses. A
large nerve bundle composed of myelinated
fibers penetrated into each follicle through its
follieular capsule at the lower third of the fol-
licle. These myelinated fibers stained less in-
tensely with the ChE stain than their terminal
branches in the superior enlargement which no
longer were niyelinated. The "ringwulst", which
is composed of reticulum fibers, showed no nerve
elements, neither with the ChE stain nor with
the silver stain, except for some large myelinated
fibers passing near its base. Our inability to
demonstrate nerve elements in the "ringwulst"
is in contrast with the assumption of Melaragno
and Montagna (21) that the "ringwulst" was
one of the chief structures for tactile reception.
Motor End-Plates. The disk-shaped motor
end-plates of the dermal muscles were attached
with their flat side to the muscle fiber. Their
fiat side, as visualized with ChE stain, resembled
a horseshoe or circle, while on lateral view, they
appeared rod-shaped (Fig. 7). Frequently, on
longitudinal sectioning of muscle fibers, the
motor end-plates were arranged in linear groups.
The motor end-plates of the small muscles in
the skin of the sole and upper lip were smaller
in size than the motor end-plates of other dermal
muscles; but they were present in greater num-
ber. In cross-sections of these small muscle
fibers the motor end-plates appeared attached
to the muscle fibers in a crescentic configuration.
In some areas, the muscle fibers themselves
reacted to the ChE stain in the vicinity of the
motor end-plates, so that it was difficult to de-
fine the shari) outline of the motor end-plates.
This probably was caused by diffusion of ChE
from the motor end-plates during the processing
of the specimens. However, the possibility can-
not be ruled out that actually ChE was present
on the surface of the muscle fibers in the imme-
diate vicinity of the myoneural junctions (22).
With the silver stain, the motor end-plates ap-
peared as coils of neurofibrils. This discrepancy
in appearance with the ChE and with the silver
stain was due to the fact that the ChE stain
stained the muscular portion of the motor end-
plate, the so-called subneural apparatus of
Couteaux (23), whereas the silver stain stained
the neurofibrils of the "periterminal network"
of Boeke (24). The motor end-plates were the
most resistant of all structures to the inhibitory
action of DFP, since pre-incubation even with
10 M DFP solution for as long as three hours
failed to inhibit their enzymatic activity. Cer-
tain groups of motor end-plates located in the
dermal muscles and in the small muscles of the
lip and sole also showed a weak to moderate
reaction with butyrylthioeholine iodide as sub-
t
FIG. 6. Adult rat, tactile hair. Silver stain. A terminal network of neurofibrils leads to tactile cells
situated in the outer layer of the outer root sheath. (X 1600)
FIG. 7. Adult rat, dermal muscle. ChE stain. Two motor end-plates are seen on the left in surface
view, appearing disk-shaped; while three motor end-plates are seen on the right in lateral view, appear-
ing rod-shaped. The stained portion probably represent the muscular portion of the motor end-plates
(X 600)
FIG. S. 19-day-old embryo, skin from the back. ChE stain, one hour's incubation. For a clear demon-
stration of the nerve networks associated with the vascular system the incubation time was reduced to
one hour. Large vessels with positively staining nerve nets are present in the upper dermis. The un-
stained round cells located within the networks of the nerve represent endothelial cells (cf. Fig. 2).
Independent nerve fibers showing no relation to blood vessels are also present (arrow). (X 150)
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strate, indicating the presence of pseudocholines-
terase in addition to true or acetyicholinesterase.
Sebaceous Glands. The staining reaction for
ChE was intense in the sebaceous glands of
both coat hair (Fig. 1) and tactile hair. No nerve
elements could be demonstrated in the glandu-
lar cells with the ChE stain because of the
intense reaction in the glandular cells, which
obliterated the fine structures in the acini. With
the silver stain, however, fine non-myelinated
fibers were seen leading to the capsule, the septa
and the glandular cells, terminating with small
swellings. The sebaceous glands were very
sensitive to the action of DFP, since complete
inactivation of ChE already occurred at a final
concentration of 10 M. The Tween method
for demonstration of esterases, with Tween 80
as substrate, gave a strongly positive reaction
in the sebaceous glands. The presence of abun-
dant amounts of pseudocholinesterase could be
demonstrated with butyryithiocholine iodide
as substrate.
Arrector Pill Muscles. The entire course of the
muscle fibers from their origin to their insertion
was clearly visualized with the ChE stain (Fig.
1). No nerve fibers were demonstrable in the
muscles with the ChE stain; but with the silver
stain a few non-myelinated nerve fibers were
seen.
Eccrine Sweat Glands and Meissner Corpuscles.
Dense plexuses of non-myelinated fibers were
seen not only surrounding the capillary net-
works but also independent of capillaries in the
upper dermis, especially beneath the epidermis
of the sole. Numerous strongly reacting Meissner
tactile corpuscles were present in the dermal
papillae located in the skin of the balls of the
sole and in the skin overlying the metatarso-
phalangeal joints. The nerve fibers leading to
the Meissner tactile corpuscles seemed to arise
from the subepidermal nerve plexuses. Besides
Meissner tactile corpuscles in the dermal papil-
lae, similar strongly reacting tactile organs of
various shapes and sizes were found in the upper
dermis of the sole. Numerous ChE-reaeting
nerve fibers surrounded the secretory tubules of
the sweat glands, not only in association with
capillaries but also independent of them. No
enzymatic reaction was observed in either the
secretory or the myoepithelial cells. In some
sections also the ductal portion of the sweat
glands was accompanied by reactive fibers;
but their relationship to the cluetal cells was
fortuitous.
B. Embryo and Premature Rats
Epidermis and Dermis. The epidermis did not
stain for ChE until the 5th postnatal day. In
the upper dermis, however, a positive staining
reaction began to appear in 14-day-old embryos
between the primary epithelial germs. The in-
tensity of the reaction increased gradually and
reached its greatest intensity in 5-day-old rats;
it then rapidly diminished toward adulthood.
The increase in the intensity of the reaction
up to the fifth day of life seemed to be closely
related to the development of the perifollicular
capillary networks and their associated nerve-
plexuses (Fig. 8); while the subsequent decrease
could be attributed to the dimensional expansion
of the skin. Neither the ChE stain nor the silver
stain revealed free nerve endings in the epidermis
of either embryos or premature rats.
Hair Follicles. Just as had been observed in
adult hair follicles, the cells of the primary and
secondary epithelial germs and the nerve endings
located in them did not react to the ChE stain.
Even with the silver stain it was quite difficult
to discern any nerve endings in the epithelial
germs because of the abundance of reticulum
fibers in embryonic skin. Only after the epi-
thelial germs had developed into almost fully
matured hair follicles in the 5-day-old rat was
it possible to visualize nerve endings in the outer
root sheath with the silver stain.
Dermal Nerve Plexuses. The superficial dermal
and the perifollicular nerve plexuses, whether
they were associated with capillary networks or
were independent, stained only weakly in 14-day-
old embryos; but they already stained quite
intensely in 18-day-old embryos. In 5-day-old
rats the reaction was most pronounced, both in
regard to the intensity of the staining reaction
in the individual nerve fibers and in regard to
the density of distribution of reactive fibers.
In rats older than 5 days the reaction gradually
became sparser and weaker again as the dimen-
sion of the skin expanded (Fig. 8, see also
Figs 1, 2). The period of incubation was an
important factor in determining the intensity
of staining in the perifollicular nerve plexuses
and in the surrounding connective tissue. As
far as the staining of the connective tissue sur-
rounding these nerve plexuses is concerned, it is
possible that this was the result of diffusion of
ChE from the nerve plexuses. Also the nerve
fibers surrounding the large vessels in the deep
dermis first showed, like the superficial dermal
plexus associated with capillary networks, a
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positive reaction with the ChE stain in 14-day-
old embryos. The developmental pattern in
regard to the intensity of the reaction and the
density of distribution of the nerve fibers in the
deep dermis followed the same pattern as for the
pericapillary nerve networks.
Tactile Hair. In the 14-day-old embryo, tactile
hairs were observed descending into the dermis
with club-shaped advancing tips. Already at this
stage a positively reacting network of nerves
covered the entire follicle, arising from below
(Fig. 9); but no ring-shaped sensory receptors
could as yet be identified. The developmental
stage of the tactile hair usually was much more
advanced than that of the coat hair. For in-
stance. in the 14-day-old embryo the hair cone
of the tactile hair was already formed, while the
coat hair in the upper lip had just reached the
bulbous peg stage. In the 19-day-old embryo,
the hair shaft of the tactile hair was already
present, and small ring-shaped structures sug-
gesting immature sensory receptors were noted
along the outer root sheath; and with the attain-
ment of full maturity of the tactile hair in the
5-day-old rat, sensory receptors were as clearly
visible as in the adult rat.
Motor End-Plates. The motor end-plates of
the dermal muscles first stained with the ChE
stain in 14-day-old embryos. Their essential
configuration was similar to that in the adult
rat, that is, when seen in lateral view, they
appeared as rods or oresoents, while on view
from above they appeared disk-shaped. How-
ever, the motor end-plates were smaller in
size and showed a more irregular configuration
than in the adult rat. Their staining reaction
was weak and inconsistent. Fully mature motor
end-plates were first observed in the 5-day-old
rat. The distance between groups of motor end-
plates in the dermal musoles was much shorter
in embryos than in the adult rat. This sparser
distribution of motor end-plates in the adult
rat resulted from the expansion of the skin
during early adult life.
Sebaceous Glands. The sebaoeous gland anlagen
of 18-day-old embryos and the young sebaceous
glands of 5-day-old rats did not stain. The
staining reaction in the sebaeeous glands first
became apparent in the 10-day-old rat and here-
after increased rapidly in intensity.
.4 rrector Pili Illoscles. Although the arreotor
pili muscles form around the 5th postnatal
day, the enzymatic reaction in them did not be-
come apparent until the 10th postnatal day.
Fio. 9. 14-day-old embryo, tactile hair, ChE
stain. Positive-staining nerve nets surround a
developing tactile hair. A large nerve trunk (ar-
row) is shown at the base of the follicle sending
branches upwards to the follicle. (X 400).
The intensity of the reaction increased rapidly
thereafter.
Eccrine Sweat Glands and Meissner Corpuscles.
Sweat glands anlagen were first seen in the 14-
day-old embryo. As soon as they developed they
were surrounded by faintly staining nerve
networks.
Anlagon of Meissner tactile corpuscles in the
balls of the sole were first observed in the 18-
day-old embryo as heavy conglomerations of
intensely reacting nerve fibers. Mature Meissner
oorpuscles were first present in the 5-day-old rat.
C. Controls
DFP in a final concentration of 10 M pro-
duced complete inactivation of the ChE reaction
when the preinoubation period exceeded three
hours. The staining of the sebaoeous glands and
sometimes also of the arreotor pili muscles was
already inhibited by DFP in a final concentra-
tion of 10 M. A concentration of 10 M DFP
did not inhibit the staining reaction in any organ.
Physostigmine in a final concentration of 10 M
inactivated the reaction in all reactive skin
structures; while at 10 M it inhibited the en-
zymatic activity only slightly.
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Sections incubated in media containing as
substrate butyrylthiocholine iodide, in place of
acetyithiocholine iodide, for the demonstration
of pseudocholinesterase showed an intense
reaction in the sebaceous glands and in some
groups of motor end-plates; while only a very
slight reaction was noticed it, all other skin
structures which had shown enzymatic activity
with acetylthiocholine iodide as substrate.
Sections incubated either in substrate-free
media or in copper sulfate in the same concentra-
tion as present in the substrate medium showed,
after overnight incubation, faintly brownish
staining, particularly in the medulla and cortex
of the hair. Such staining probably represents a
"metallic sulfide stain" (1, 25).
DISCUSSION
Pearse (26) has stated that all cholinestcrascs
(ChE), namely both true or acctylcholinestcrase
(AChE) and pseudocholinesterase (PChE),
were inhibited by physostigminc in a final con-
centration of 10' M. Since this concentration
inhibited all enzymatic reactions in our present
investigation, the staining reactions obtained
by us can be attributed to the activity of ChE
(AChE and PChE) rather than to the activity
of non-specific esterases such as ali-esterase which
for their inhibition require a concentration of
physostigmine higher than 10 M (26). (It
may be pointed out, however, that non-specific
esterases have approximately the same pattern
of distribution in the skin as ChE (27)).
It was observed in the present study that a final
concentration of 10 M of DFP was necessary
to inactivate all ChE activities in the skin of
the rat. Our observation that of all reactive
organs only the sebaceous glands and arrector
pili muscles already showed inhibition of their
enzymatic activity by DFP in a concentration
of 10—s M suggests that a major part of the ChE
present in these two organs is PChE, which,
according to Pearse (26), is iaactivated by a
lower concentration of DFP than AChE. Also,
the demonstration of strong enzymatic activity
in the sebaccous glands with butyrylthiocholine
iodide as substrate supports this contention.
Although it has been stated that PChE occurs
together with AChE in practically all skin
structures (4) and some authors (3, 28) even
have asserted that the ChE in rat skin is mainly
PChE, we found significant PChE activity,
demonstrable with butyryithiocholine iodide,
only in the sebaceous glands and in some groups
of motor end-plates; while in all other skin
structures the reaction was minimal.
In the following, the functional significance
of ChE in each reacting skin organ will be dis-
cussed in the light of recent biochemical and
physiological findings.
Epidermis. In contrast to our findings, Mon-
tagna and Formisano (27) observed moderate
non-specific esterase activity in the epidermis.
We could exclude in our study the possibility
of involvement of non-specific esterases in the
positive reaction in the epidermis by inhibition
studies which we performed with physostigmine.
The functional significance of the ChE in the
epidermis is as yet not clear.
Dermal Nerve Plexuses. Montagna and Ellis
(6) and Ellis (7) demonstrated ChE-rcactive
nerve fibers around the large arterioles in the
skin of humans and in the tongue of primates;
but they could not clearly demonstrate the pen-
capillary nerve plexuses with either the ChE
stain or silver impregnation. In the present
investigation on rat skin, however, all of these
nerve elements were clearly demonstrated with
both the ChE and the silver stain (Figs. 2, 8).
The positive ChE reaction in the perivascular
nerve plexuses is of particular interest from the
neurophysiological point of view, since these
fibers have been considered to be sympathetic
(adrenergic) in nature because of their pharma-
cological response (29) and the presence of
monoamine oxidase activity (30, 31); but it is
questionable that monoamine oxidase activity
is specific for adrenergic nerves (31). Koelle
(32), therefore, has suggested that the terms
adrenergic or eholinergic refer to the predomi-
nant but not necessary exclusive transmitting
agent of the respective nerve fibers. Our findings
seem to support Koelle's concept. Another pos-
sible explanation is that the perivascular nerve
plexuses have a dual innervation, both adrener-
gic and cholinergic, as claimed by Rothman (33).
In this connection the findings of Kimura and
Sera (34) are interesting; they observed that
vasodilatation was induced by an intramuscular
injection of DFP. These authors assumed that
the vasodilatation was caused by an accumula-
tion of acetylcholine in the skin, and that acetyl-
choline accumulated because the inhibition of
ChE by DFP decreased the rate of inactivation
of acetylcholine. Thus, these authors postulated
that the vasodilatation was cholinergic in nature.
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The large bundles of myelinated nerve fibers in
the deep dermis stained less intensely than the
small non-myelinated fibers in the vicinity of
capillaries, sweat glands and hair follicles. Mon-
tagna and Ellis (8) had found a similar variation
in staining reaction between myelinatcd and non-
myelinated fibers. Biochemical data obtained
by Nachmansohn (22) are in agreement with
our findings. This author had found that mycli-
nated nerve fibers in general have a lower con-
centration of AChE than non-myelinated nerve
fibers, and that the white matter of brain con-
tains much less enzyme activity than the grey
matter.
Tactile Hair. Numerous sensory nerve endings
could be demonstrated with both the ChE and
silver stains in the upper portion of the outer
root sheath of tactile hairs, especially in and
around the superior enlargement. These sensory
endings, representing tactile receptors, probably
are supplied by sensory fibers arising from the
infra-orbital branch of the trigeminus (20).
The discrepancy in the appearance of the sensory
nerve endings in tactile hair on staining with
the ChE stain (when they appear ring-shaped,
see Fig. 5) and with the silver stain (when they
consist of numerous branching fibers, see Fig. 6)
may be due to the fact that the ChE is localized
in a substance that surrounds the terminal
ramifications of the sensory fibers just as in the
motor end-plates of muscles. In the coat hair,
the ChE stain did not reveal any riug-shaped
nerve endings comparable to those seen in the
tactile hair, and the silver stain revealed only
simple terminations without much branching of
the terminal fibers. Thus, the nerve terminations
of the coat hair are much simpler than those of
the tactile hair, which is a sort of sensory organ
rather than just a hair. Full enzymatic activity
in the ring-shaped nerve endings in the tactile
hair occurred in the 5-day-old rat and seemed to
coincide with full morphological maturity and
with the beginning of function of the tactile
hair on weaning and on starting the independent
search for food.
Motor End-Plates. The motor end-plates of
the small muscle fibers of the upper lip and of
the sole were smaller in size but more numerous
than those of the dermal muscles elsewhere.
This difference in appearance may be related to
the fine and delicate movements of which the
latter two types of muscles are capable. Simi-
larly Cerebtzoff et al. (14) had noted a difference
in the size of the motor end-plates in different
kinds of muscles of the rat, namely in the gas-
trocnemius muscle, the anterior tibial muscle
and the diaphragm. The appearance of the
motor end-plates differed depending on whether
the ChE stain or the silver stain was used. The
part demonstrated by ChE (disk-shaped sub-
neural apparatus, see Fig. 7) was not stained by
the silver method, and the part visualized with
the silver stain (coils of neurofibrils) was not
reactive for ChE. This is explained by the fact
that the ChE activity is located in the muscular
portion of the motor end-plate (35), the so-called
"subneural apparatus" of Couteaux (23, 36,
37), and not in neural elements which take the
silver stain. Gerebtzoff et al. (14) followed the
development of the motor end-plates in various
kinds of muscles of the rat beginning with rats
two weeks old and found that the motor end-
plates in young rats, just as in other young
animals, were not yet differentiated into a central
part and a peripheral part with the ChE stain,
as in adult rats. In our study the motor end-
plates of embryo rats stained irregularly and less
intensely than in adult rats.
Sebaceous Glands. There have been conflicting
reports concerning the innervation of sebaceous
gland cells, some reports affirming the existence
of innervation (38—43) and others denying it
(8, 33). With the silver stain we were able to
observe on sebaceous gland cells nerve endings
either as small enlargements of terminal fibers
or as slight arborizations. With the ChE stain,
however, the nerve endings were completely
masked under the heavy stain of the sebaceous
cells. The function of the large amount of ChE
in the sebaceous glands, which probably is
PChE, is not clear as yet.
Arrector Pili Muscles. Takino (38), Nakanishi
(39) and Okumura (43) investigated in human
skin the innervation of the arrector pili muscles
and observed, on staining with silver, the pres-
ence of numerous nerve endings. We, however,
in our study of rat skin have seen only a few
non-myelinated fibers in the arrector pili mus-
cles with the silver stain. As in the case of the
sebaceous glands, on staining with the ChE
stain, these fibers were masked by the heavy
staining of the muscle bundles. Although arrector
pili muscles have long been known to be under
adrenergic control, Coon and Rothman (44)
found that these muscles responded to the local
injection of acetylcholine. The demonstration of
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ChE activity in the arrector pLb muscles in the
present study, however, does not necessarily
indicate the cholinergic nature of these muscles.
Eccrine Sweat Glands. The presence of ChE-
reactive fibers surrounding the eccrine sweat
glands has been reported in human skin by
Hurley et al. (5), and in the foot pads of the rat
by Hellman (3). The latter author also reported a
positive ChE reaction in the secretory cells of
sweat glands. Furthermore, on sectioning the
nerve fibers that supply the secretory cells of
sweat glands in the eat (postganglionic sympa-
thetic fibers), Hellman observed the disappear-
ance of all previously demonstrated enzyme
activity from the secretory cells as well as from
the surrounding nerves. Although we found a
great number of intensely reacting fibers in
association xvith the capillaries surrounding
the secretory tubules, we saw no reaction in the
secretory cells themselves.
Histogenetically, the periglandular fibers
were first observed to be reactive in 14-day-old
embryos; but, as in other ChE-reacting organs,
full enzyme activity did not appear until mor-
phological maturity had been reached and the
glands had begun to function in the 5-day-old
rat.
Meissner Corpuscles and Other Sensory Endings.
Several kinds of sensory receptors, such as re-
ceptors for heat (45), receptors for pain (46,
47) and Pacinian corpuscles (t8), either react
to or contain acetyleholine. Hurley and Koelle
(49) assumed that the ChE in sensory nerve
endings has a trophic function and does not
serve as a transmitter substance, because they
found no alteration in the touch sensation after
inhibiting ChE (both AChE and PChE) in
human volar skin by the topical application of
DFP. Thus the controversy whether or not
ChE is a transmitter substance has not yet
been settled and, accordingly, the ChE activity
we have demonstrated in sensory receptors sug-
gests but does not prove the eholinergic nature
of these organs.
Histo genetic Development of CitE Activity.
In most reactive organs ChE activity was ob-
served as soon as they appeared during the em-
bryonic development of the skin. The intensity
of reaction in the reactive organs increased as
they developed and started to function after
birth, in this respect, ChE differed from phos-
phatases, which show their strongest reaction
in the embryonic stage, as required in metaboli-
cally active young organs (1), and also from the
suceinic, malie and lactic dehydrogenases, which
are distributed non-selectively in all viable cells
in relation to respiration (2). ChE rather re-
sembled monoamine oxidase which also appears
in neural organs earlier than required for their
functioning (32).
SUMMARY
1. The activity of eholinesterases (true and
pseudocholinesterases) was followed in the skin
of rats from the embryonic to the adult stage,
with special reference to the activity in the nerve
fibers.
2. No essential differences were found in the
enzyme distribution in the embryonic and adult
stage. In most organs the enzyme reaction be-
came evident as soon as the anlagen of each
reactive organ appeared; but in the sebaeeous
glands, in the epidermis and in the arreetor pili
muscles the enzymatic activity became apparent
only some time after the appearance of the an-
lagen of these organs. The intensity of reaction
in most organs was greatest when full maturity
and full functioning of the organ had been
attained, about 10 days after birth. However,
in the subepidermal and perifollicular nerve
plexuses the intensity of reaction reached its
peak already 5 days after birth and thereafter
decreased in direct relation to the expansion of
the skin dimensions.
3. in adult skin the enzyme reaction was
present in the following organs: in the motor
end-plates of the various muscles of the skin,
in the various kinds of sensory receptors and
sensory fibers, in the perieapillary and dermal
nerve networks, in the arrector pili muscles, in
the sebaceous glands and in the nonkeratinized
epidermis. ChE activity was demonstrated in
so-called cholinergic as well as in adrenergic
nerve fibers.
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